Considerable interest has been shown over recent years in the transition metal halide complexes, and, among them, the tetrahalometalates with various organic countercations have been the subject of theoretical, 1-3 structural, 4-8 magnetostructural 9-14 and spectroscopic [15] [16] [17] studies. The magnetostructural relation in the tetrabromocuprate with various organic countercations has been intensively studied, and in view of the magnetic properties of these compounds, the BrBr contact and the Cu-Br-Cu bridge are known to be quite important;
Considerable interest has been shown over recent years in the transition metal halide complexes, and, among them, the tetrahalometalates with various organic countercations have been the subject of theoretical, [1] [2] [3] structural, [4] [5] [6] [7] [8] magnetostructural [9] [10] [11] [12] [13] [14] and spectroscopic [15] [16] [17] studies. The magnetostructural relation in the tetrabromocuprate with various organic countercations has been intensively studied, and in view of the magnetic properties of these compounds, the BrBr contact and the Cu-Br-Cu bridge are known to be quite important; 18, 19 the antiferromagnetic coupling in the series of tetrabromocuprate compounds is produced via a 'two-halide' Cu-BrBr-Cu contact while the ferromagnetic coupling is through a 'single-halide' Cu-Br-Cu bridge. The hydrogen bonding 20, 21 and noncovalent π-interaction between the aromatic rings of organic cations 13, 22 in this type of molecules control molecular recognitions and self-assembly processes, and exercise important effects on the solid-state structure and the properties of many compounds relevant to biological and material sciences. [23] [24] [25] Despite the structural similarities between the tetrabromocuprates and the tetrabromocobaltate complexes, the magneto-structural studies for the tetrabromocobaltate complexes and other cobalt(II) compounds have been rarely reported.
In this work, we report the crystal structure and magnetic behaviors of the (dmamtH) 2 CoBr 4 complex. The 2-(N,Ndimethylaminomethyl)thiophene (dmamt) base contains an amine group and an aromatic thiophene ring, and therefore we expected that the protonated base dmamtH + as a cation might play an important role in stabilizing the solidstate structure of the (dmamtH) 2 CoBr 4 complex. The magnetic behavior of the (dmamtH) 2 CoBr 4 complex was investigated to confirm the importance of the BrBr separation for two-bromide super-exchange pathways in the complex.
Experimental Section
The (dmamtH) 2 CoBr 4 was prepared from a direct reaction between 2-(N,N-dimethylaminomethyl)thiophene·HBr, (dmamtH)Br and anhydrous cobalt(II) bromide. The (dmamtH)Br salt was prepared from a reaction of 2-(N,N-dimethylaminomethyl)thiophene (dmamt) ( The magnetic susceptibility measurements were made on a powered polycrystalline sample over the temperature range of 6 K to 300 K with a Quantum Design MPMS-7-SQUID susceptometer. The data was corrected for the diamagnetism of the constituent atoms with Pascal's constant.
The data for X-ray structure determination were collected on a Siemens P4 diffractometer equipped with graphite monochromated Mo Kα radiation (λ = 0.71073 Å) at 293 K. The unit cell dimensions were determined on the basis of 40 reflections in the range of 4.5 o < θ < 13.0 o . The data were collected by the ω-2θ technique. Empirical absorption correction was applied to the intensity data. The standard direct method was used to position the heavy atoms. The remaining non-hydrogen atoms were located from the subsequent difference Fourier synthesis. All non-hydrogen atoms were refined anisotropically except the three disordered carbon atoms on the 5-membered rings which were refined isotropically. All hydrogen atoms were calculated in ideal positions and were riding on their respective carbon atoms (B iso = † This paper is dedicated to the late Professor Sang Chul Shim for his distinguished achievements in photochemistry.
1.2B eq or 1.5B eq ). The structure was refined in a full matrix least-squares calculation on F 
Results and Discussion
The crystallographic and the molecular structure of the (dmamtH) 2 CoBr 4 determined and details of data collection and structural refinements for the complex are given in Table  1 . The molecular geometry and thermal ellipsoids along with the numbering schemes are shown in Figure 1 , and the selected bond distances and angles are listed in C5'-C6'-N7' 111.8 (13) cobaltate anions; the nearest nonbonded CoBr distance is 6.293 Å and there is no single-bromide bridge of the type Co-Br-Co. However, there are two relatively short Co-Br Br-Co contact pathways; the shortest BrBr contact of 4.465 Å (Br2Br1') in the structure is 0.6 Å longer than the sum of the bromine ion van der Waals radii (3.9 Å). The two bromine atoms in this pathway are also involved in the hydrogen bonding interaction, and the tortional angle of CoBrBr-Co plane is -33. This type of the magnetic exchange pathway with the BrBr contact distances of 3.80-4.55 Å is well established experimentally and theoretically for the tetrabromocuprate compounds. 3, 12, 18, 28 The strength of these interaction, which are invariable antiferromagnetic, decreases rapidly with the BrBr distance. 14 The room temperature magnetic moment of the (dmamtH) 2 -CoBr 4 complex is 4.69 BM and is typical for noninteracting or weak interacting high spin d 7 cobalt ions. The effective magnetic moments were calculated by µ eff = 2.828(χ M × T) 1/2 . As the temperature is lowered, the effective magnetic moment is practically constant down to about 20 K, but it decreases upon further cooling from 20 K to 6 K (µ eff = 4.41 BM at 20 K and 3.86 BM at 6 K). Magnetic susceptibility data of the (dmamtH) 2 CoBr 4 are well described by the 
Notes
Curie-Weiss law, χ M = C/(T−θ), with a negative temperature intercept (θ) of -3.14 K and a slope corresponding to a Curie constant of C = 2.81 cm 3 Kmol −1 as it is shown in Figure 4 .
Conclusion
The crystalline structure of (dmamtH) 2 CoBr 4 is stabilized by the intramolecular hydrogen bonding interaction and the π-interaction between aromatic thiophene rings stacked in the parallel fashion. These interactions also provide two relatively short Co-BrBr-Co contact pathways in the solidstate structure of the complex. The decrease in the effective magnetic moment upon cooling from 20 K to 6 K, and the negative value of Curie-Weiss constant θ suggest the presence of weak anti-ferromagnetic interactions in this complex. Based on the structural data described above, it is reasonable to suggest that the possible magnetic super-exchange pathways are two Co-BrBr-Co contacts denoted by pathway (a) or pathway (b) in Figure 3 .
